Abstract -In this paper, we consider a special discount where:
I. INTRODUCTION
Supplier selection is a multiple criteria decision making (MCDM) problem that is affected by several factors. Some of them may conflict. Such decisions involve the selection of sole suppliers to employ, and the determination of optimum order quantities to be placed with the selected suppliers (multiple sourcing). Even though this selection needs more flexibility from the company, it is extremely interesting when some of the suppliers, for reasons like possible limitations on quality, capacity, price, delivery, etc. and price discount offers, can not meet the assigned demand. For multiple sourcing models, we only consider the published models that concern the multiple products that offer any form of discount [1] .
For supplier selection problem, quantity discounts and bundling are two types of discounts structure. For quantity discount, the prices and discounts of the some products are not affected by the sales volume of another product. In this structure the price breaks are also depend on the size of the order quantities. This structure can be applied for both single and multiple item models wherein products costs are considered independently, although they are offered by the same supplier. And in the context of the second structure, bundling discount, the price of a product depends on the order quantities of other products. This structure occurs when more than one related products are sold together as a bundle.
For the first time, a modified form of the transportation problem to model bid evaluations was used for procurements at the US Department of Defense [2] [3] . They used the linear programming model to consider different forms of pricings including quantity discounts and prices that increase with order quantities. A similar model was used by Waggener and Suzuki [4] that is of a larger size and accounts for more pricing and supplier requirements scenarios. Subsequently, this model was extended by Austin and Hogan [5] to a mixed integer program that account for cases where a supplier indicates a minimum acceptable quantity. A mixed integer programming model is used by Gaballa [6] in order to minimize total discounted price of allocated items to the supplier, under constraints of supplier's capacity and demand satisfaction. The problem of determining order quantities was also analyzed by Pirkul and Aras [7] for multi-item in the presence of quantity discounts. The objective for the study was to minimize the sum of aggregate purchasing costs, ordering costs and holding costs subject to a linear resource constraint. In this study, their problem was formulated as a non linear program and they also developed a solution algorithm using Lagrangian relaxation. Bundling discounts, in the context of supplier selection, were applied by Rosenthal et al. [8] for the first time. A mixed linear integer programming was developed by the authors to minimize purchasing costs over one period with constraints addressing supplier capacities, demand satisfaction, quality and delivery requirements. Afterward, a reformulation of the problem proposed by Rosenthal et al. [8] was suggested by Sarkis and Semple [9] . In recent times, the buyer's supplier selection problem was addressed by Murthy et al. [10] for make-to-order items where the goal is to minimize sourcing and purchasing costs in the presence of fixed costs, shared setup costs, shared capacity constraints, and volume-based discounts for bundles of items.
In this article, we integrate bundle discount and quantity discount where: (1) the price breaks depend on the size of the order quantities, (2) independent products' sales volume affect the prices and discounts of the other products and (3) all products must be sold as a bundle. To formulate the problem MOMILP is used to calculate order quantity to each supplier. First, the MOMILP model is established. Later, a single objective function, which can consider the relative importance of the objectives, is used to assign order quantities to each selected supplier. In addition, the problem includes the three objective functions: to minimize the inverse Total Value of Purchasing (TVP), the total cost and total defect rate, while satisfying capacity and demand requirement constraints.
II. MOMILP MODEL
To construct the MOMILP model first, rating of suppliers is calculated (supplier evaluation), and then these ratings are applied as coefficients in inverse TVP, and finally, the single objective function is used to assign order quantities to each supplier. Thus, the main steps of the algorithm include supplier evaluation and shipment allocation.
A. Supplier Evaluation
To evaluate suppliers, we only suggest that one of the Multi-Attribute Decision Making tools such as the analytic hierarchy process (AHP) and the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) can be used to evaluate suppliers according to qualitative and quantitative criteria to calculate a rating of the suppliers. Shipment stage is described in detail in the following sections.
B. Build the MOMILP Model
Consider a procurement situation where j=1,2,…,J items are to be purchased from i=1,2,…,I suppliers under condition of a case where independent products' sales volume affects the price and discounts of the other products. The independent products are noted by j j ∈ * and the other dependent products are also noted price levels of the dependent products are influenced by each price level of the independent products. It is noted that each price level of the independent products with its influenced price levels of the dependent products construct bundle l * . The following subsection lists the notation used to formulate the problem under consideration. Total defect rate: q ij is the expected defect rate of jth product for supplier i, this objective ought to be minimized; thus, it can be defined in Eq. (2).
Inverse TVP: As ) 1
, X ij denote the normal weights of the suppliers and the numbers of purchased units of product j from the ith supplier, respectively, Eq. (3) is designed to minimize the inverse total value of purchasing.
The Single Objective Function for the model
For supplier selection problem, the criteria have varying importance and the criteria need weighing. In order to calculate optimum order quantity, a single objective function is used to consider the relative importance of the goals. To achieve this, we can define 0 , λ k should be minimized. Therefore, the single objective function and its constraints to consider relative importance of each goal are as follows:
where w k is the relative importance of the goals.
Constraints Capacity constraints:
As supplier i is able to provide up to V ij units of the product j and its order quantity for the product j (X ij ) ought to be equal or less than its capacity, the constraints are given in Eq. (8) .
Demand constraints: As sum of the assigned order quantities of products to I suppliers should satisfy the buyer's demand, demand constraint can be designed in Eq.
.
Discount constraints: To consider discounts given by each supplier, the constraints are designed in Eqs. (10)- (11)- (12)- (13)- (14)- (15)- (16).
(13) (At most one price level l * per supplier can be ordered) 
Note: At most one price level l ' per supplier can be chosen by Eqs. (13)-(16) .
Combining the ordering cost:
In order to combine the ordering costs of several products into one single order for each supplier, Y i variables are employed so that only if the buyer buys at least one product from supplier i
.), the integer variable is 1, 0 otherwise. These integer variables are considered by using the Eq. (17).
Non-negativity and binary constraints: The constraints can be shown in Eqs. (18)- (19)- (20)- (21)- (22)- (23)- (24).
Y i =0 or 1,
Note: if n i = J, the case is supplier selection with bundling that the suppliers sell items only as part of a bundle and do not sell them individually.
III. NUMERICAL EXAMPLE
For this section, assume that there are three suppliers S i ={S 1 ,S 2 ,S 3 } selected as alternatives. They should be managed for four products in which products 1 and 2 are independent ( ni = 2) and products 3 and 4 are dependent products. The prices are in the two price levels ( Cijl * in $)
for the two independent products, and in the four price levels ( Cijl ' in $) for the two dependent products for each supplier. These prices, the defect rate (q ij ), the capacity of suppliers (V ij ) are provided in 
